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(57) Abstract: A cyclonic fluid separator of the type comprising a tubular throat portion (4) in which a fluid mixture is accelerated 
to a subsonic or supersonic speed and thereby expanded and cooled down so that condensable components condense and/or solidify 
^ 31,(1 men swirl int0 a diverging fluid outlet section (5) that comprises an aliter secondary outlet (6) for condensables enriched fluid 
components and an inner primary outlet (7) For condensables depleted fluid components comprises swirl imparting vanes (2) that 
Q protrude tram a central body (1) that extends through at least part of an inlet section of the separator, wherein the central body (1) 
has, at a location upstream of the throat portion (4), a larger aliter width (2Ro max) than the smallest inner width (2R^n min?) of the 
throat portion (4). 
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CYCLONIC FLUID SEPARATOR WITH VORTEX GENERATOR IN INLET 

SECTION 

BACKGROUND Q F THE INVENTION 

The invention relates to a cyclonic fluid separator 

It 3 ~*« ^ an inlet sect on o 

the generator. 

Such cyclonic separator, ar* known from Japanese 
patent No. 201792!, Russian patent No _ 1?68242 

OK patent application No. 203515! and PCT patent 
application WO 00/23757. 

The known cyclonic fluid separators comprise a 

tuoular throat portion in which the fluid stream is 
acc 1 ted to a possiMy aupersonic 

oooled down as a result of adiabatic expansion. The 
rapid cooling win cause condensation and/or 

iTdTTr ^ C ° ndenSaMeS in «- «ream into 

small droplets or particles, if the fluid stream is a 

welT;hen 9a t S h: trea : 3 ^ - 

well then the condensates may comprise water 

hydrocarbon condensates, waxes and gas hydrates. These 
separators furthermore comprise an assembly of swirl 
imparting vanes in an inlet portion upstream of the 

het:^;;" 0 "' which vane ° r vanes ^ ^ « *« * 

create a 7- " ^ ^ °' ^ P ""°" - 
create a swrrlrng motion of the f!uid strea, within the 

separator. The centrifugal forces exerted by the swirling 

-txcn on the fluid mixture will induce the relatively 

swtl TIT C ° ndenSed "*"" S ° lldified to 
swrrl to the outer periphery of the interior of the 

throat portion and of a diverging outlet section whereas 
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relatively low density gaseous components are 
concentrated near the central axis of the separator. 
The gaseous components are subsequently discharged from 
the separator through a primary central outlet . conduit, 
whereas the condensates enriched fluid stream is 
discharged from the separator through a secondary outlet 
which is located at the outer circumference of the 
diverging outlet section. 

A disadvantage of the known vortex generators in the 
inlet section of the separator is that the amount of 
rotation imposed on the fluid stream is limited, unless 
the blades of the vortex generator are oriented at a 
large angle relative to the central axis of the 
separator, in which case blades create a high flow 
restriction in the fluid stream. 

An object of the present invention is to arrange in 
an inlet section cyclonic separator a vortex generator 
which is able to create a high speed' of rotation of the 
fluid mixture in the throat portion and diverging outlet 
section of the separator without creating a high flow 
restriction in the fluid stream. 
SUMMARY OF THE INVENTION 

The cyclonic fluid separator according to the 
invention thereto comprises: 

a tubular throat portion which is arranged between a 
converging fluid inlet section and a diverging fluid 
outlet section that comprises an outer secondary outlet 

■ 

for condensables enriched fluid components and an inner 
primary outlet for condensables depleted fluid 
components ; and 

a number of swirl imparting vanes for creating a 
swirling motion of the fluid within at least part of the 
separator, which vanes protrude from a central body that 
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extends through at least part of the inlet section of the 
separator, wherein the central body has, at a location 
upstream of the throat portion, a larger outer width than 
the smallest inner width of the throat portion. 

The arrangement of the swirl imparting vanes on a 
large diameter central body around which the fluid stream 
is induced to flow and subsequently guided into the 
relatively small diameter throat portion will enhance the 
speed of rotation of the fluid stream as a result of the 
phenomena of preservation of moment of momentum. 

The shape of the blade plane can be either flat of 
curved. It is preferred that the tubular throat portion 
and the outer surface of the central body are 
substantially co-axial to a central axis of the separator 
and the swirl imparting vanes protrude from the outer 
surface of the central body at or near an area where the 
central body has a larger outer width than other parts of 
the central body. 

It is also preferred that the central body has a 
substantially circular, onion-like, shape and comprises 
upstream of the swirl imparting vanes a dome-shaped nose 
section of which the diameter gradually increases such 
that the degree of diameter increase gradually decreases 
in downstream direction, and the central body further 
comprises downstream of the swirl imparting vanes a tail 
section of which the diameter gradually decreases in 
downstream direction along at least part of the length of 
the tail section. 

Preferably the degree of diameter decrease of the 
tail section of the central body varies in downstream 
direction such that the tail section has an intermediate 
section of which the degree of diameter decrease is 
smaller than the diameter decrease of adjacent parts of 
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the. tail section that are located upstream and downstream 
of the intermediate section. In such case the shape of 
the central body may be described as pear-shaped. 

Suitably, the separator comprises a housing in which 
the central body is arranged such that an annulus is 
present between the -inner surface of the housing and the 
outer surface of the central body. The width of the 
annulus may be designed such that cross-axial area of the 
annulus gradually decreases downstream of the swirl 
imparting vanes such that in use the fluid velocity in 
the annulus gradually increases and reaches a supersonic 
speed at a location downstream of the swirl imparting 
vanes. In such case the width of the annulus may vary 

■ * 

such that at the prevailing pressure difference between 
the inlet section and the outlet section during normal 
operation of the separator the fluid flowing through the 
annulus reaches a supersonic velocity at or near the 
intermediate section of the tail section of the central 

* 

body. 

Suitably, the tail section may 'comprise an elongated 
substantially cylindrical downstream end, which extends 
substantially co-axial to the central axis through the 
throat portion and at least part of the diverging fluid 
outlet section of the separator. Said elongated 
downstream end may serve as a vortex finder which 
stabilises and centralises the vortex throughout a major 
part of the interior of the cyclonic separator. 
Optionally, a number of flow straightening vanes are 
mounted on the substantially cylindrical downstream end 
of the tail section of the central body at a location 
within the diverging outlet section of the separator, as 
to transfer tangential momentum in to static pressure 
increase. 
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^g^mON.OFL^PREFERRED EMBODIMENT 

The invention will be desrHh Q H • 

± oe described m more detail hv 
way o f example, with re£erence to £ * 

Zll dSPiCtS '" lM9itUdinal «~ of 

a cyclonic se para tor according to the invention 

Referring now to Figure ^ ^ ^ " 

:: ::i separator which ™ ses * ~« - 

oompr Slng . pear . shaped central ^ i ^ ■ 

erran d lmPa " in9 V3neS 2 m ° Unted Md "** 
arranged co- Mal to a central a xis x of the separator 

and inside the separator housing such th,.- 

flow n»fh ? • 1 an a nnul ar 

separato h ^ ^"^ * Ce " t " 1 * - 

til " SeParat ° r fUrth6r a 

tubular throat portion , from which in use the swirling 
fluid stream is discharged ^ , ^ ^ 

aepereti on chsmber 5 which is eguipped with . centrel 
Primary outlet conduit 7 for gase ous components and with 
an outer secondsry outlet conduit 6 for condenses 
enriched fluid components. The central body , has . 

substantially cylindrical elongate t,i i ... 

„ h . . elongate tail section 8 on 

which an assembly of flow straightening blades 9 is 
-unted. m accordance with the i„ vention the ce „ tral 
body ! has a largest outer width or diameter 2 1 

which is larger than the smallest inner width or "" 
diameter 2 R n mln of the ^ 

The functions of the various components of the 
cyclonic fluid separator accordinc to • 
follows. 9 hS lnventi °" is as 

The swirl i mparting vanes , ^ ^ ^ 

angle relative to the centrel axi s 1 creete . 

circuletion (D in the fluid stream r<- ■ 

stre am . it is preferred that 
« is between 20° and 30'. The fl uid stream is 
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subsequently induced to flow into the annular flow 
area 3. The cross-sectional surface of this area is 

defined as: A annulus = (Router 2 ~ R inner 2 ) • The latter 
two being the outer radius and inner radius of the 
5 annulus at a selected location. The mean radius of the 

annulus at that location is defined as: 

Rmean = (Router 2 + Rinner 2 )] 

At the maximum value of the mean annulus radius 
Rmean,max the. fluid stream is flowing between the ' 

10 assembly of swirl imparting. vanes 2 at a velocity (U) f 

which vanes deflect the flow direction of the fluid 

stream proportional to the deflection angle (a) and so 
obtaining a tangential velocity component which equals 
U(p = U.sin(a) and an axial velocity component 

* 

15 U x = U. cos (a) . 

In the annular space 3 downstream of the swirl 
imparting vanes 2 the swirling fluid stream is expanded 
to high velocities, wherein the mean annulus radius is 
gradually decreasing from R mea n,max to R mea n,min- 

. It is believed that during this annular expansion two 
processes occur: 

(1) The heat or enthalpy in the flow (h) decreases with . 

the amount Ah = -1/2 U?, thereby condensing those flow 
constituents which first reaching phase equilibrium. 
This results in a swirling mist flow containing small 
liquid or solid particles. 

(2) The tangential velocity component increases inversely 
with the mean annulus radius U<p substantially in 

accordance with the equation U<p f fj_ na i = 

* 

U9, initial* (Rmean,max^Rmean,min) • This results in a 
strong increase of the centrifugal acceleration of the 



WO 03/029739 

PCT/EP02/10907 

- 7 - 

fluid particles ( a o) , „ hich Blll finally be ^ ^ 
of: 

a c - (u <l>,final 2 /Rmean,min). 

be /d tUtUlar thr ° at P ° rtlon 4 the fluid ~y 

be induced to further expand to higher velocity or be 
kept at a substantially constant speed. In the first case 
condensation is ongoing a„ d partlcles ^ ga±n 

defi V " COnden5 " iOT is to stop after a 

^ relaXa " OT In ^ «... the centrifugal 

action causes the particles to drift to the outer 
circumference of the flow area adjacent to the inner wall 

are Ih 7: rat0r h ° USln9 ' WhiCh iS ^ -paration 

area. The t— period for the particles to drift to this 

outer circumference of the flow area determines the 

length of the tubular throat portion 4. 

Downstream of the tubular throat portion 4 the 
condensates ehriched -wet' fluid components tend to 
concentrate adjacent to the inner surface of the 
diverging fluid separation chamber 5 and the -dry' 
gaseous fluid components are concentrated at or near the 
central axis I, wher P ,,nnn *-* . 

•wet' fluid „ hereUP ° n thS Ket -ndensables enriched 
wet flurd components discharged into an outer secondary 
fluid outlet 6 via a series of .!„.- , . onaary 

series of slots, (micro)porous 
portions whereas the -dry' gaseous components are 
discharged into the central primary fluid outlet 
conduit 7. 

in the diverging primary fluid outlet conduit 7 the 

ntifr is . further deoeierated 50 that thS ™** 

kinetic energy is transformed into potential energy 
The diverging primary outlet conduit is eguippe. wUh an 
assembly of flow straightening vanes 9 to recover the 
circulation energy. 
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CLAIMS 

1. A cyclonic fluid separator comprising: 

a tubular throat portion which is arranged between a 
converging fluid inlet section and a diverging fluid 
outlet section that comprises an outer secondary outlet 
for condensables enriched fluid components and an inner 
primary outlet for condensables depleted fluid 
component s ; and 

a number of swirl imparting vanes for creating a 
swirling motion of the fluid within at least part of the 
separator, which vanes protrude from a central body that 
extends through at least part of the inlet section of the 
separator , wherein the central body has, at a location 
upstream of the throat portion, a larger outer width 
than the smallest inner width of the throat portion. 

2. The separator of claim 1, wherein the tubular throat 
portion and the outer surface of the central body are 

■ 

substantially co-axial to a central axis of the separator 
and the swirl imparting vanes protrude from the. outer 
surface of the central' body at or near an area where the 
central body has a larger outer width than other parts of 
the central body. 

3. The separator of claim 2, wherein the central body 
has a substantially circular shape in a cross-axial 
direction and comprises upstream of the swirl imparting 
vanes a nose section of which the diameter gradually 
increases such that the degree of diameter increase 
gradually decreases in downstream direction, and the 
central body further comprises downstream of the swirl 
imparting vanes a tail section of which the diameter 
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IT* 1 '* de ° reaSeS in *"™ t ~» di -="on along at 
least part of the l sngth of the ^ « 

«• The separator of claim 3, wherein th . . 

^eter decrease of the taU seotl: \ ^ „ „ 
var.es in downstream direction such ^ ° » ^ 

h s a„ intermediate section of which the 
dieter decrease is sailer than the diameter decrease 
of adjacent parts of the taii section that are locate 

Pstre and downstream of the intermediate sectlL 
11,6 SeP " at0r ° f ™y °ne of claims 1-4, wherein the 

" ""^^ SUCh that - annulus is present between the 
inner surface of the housing and the outer surface of h 
central body. ^uriace of the 

6- The separator of claim 5, wherein th. , -m+C 

=T ,„ , . ' wuer em the width of th* 

annu us „ Signed such that the cross-sectional a of 

la t 9XadUa " y de ° reaSeS °* the sw, 1 

parting vanes such that in use the fluid velocity i„ 

the annulus gradually increases and' reaches ! 

speed at a l • „ reaches a supersonic 

vanes ° f ™^ *™n g 

7- The separator of claims 4 and 6, wherein th. - M 
the annulus varies such that at th * ° f 

the P rev ailing pressure 
difference between the inlet section and the outlet 
section during normal operation of the separator the 

ioci" T! thr ° U9h amUlUa a supersonic ' 

sect! o th " ear lntan " ediate —ion of the tail 
section of the central body. 

•• »e separator of claim 3, wherein the tail section 
comprises an elongated substantially cylindrica 
downstream end which extends substantially co-axial to 
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part of the diverging fluid outlet section of the 
separator. 

* 

9. The separator of claim 8, wherein a number of flow 
straightening vanes are mounted on the substantially 
5 cylindrical downstream end of the tail section of the 

central body at a location within the diverging outlet 
section of the separator downstream of the secondary 
outlet for liquid enriched fluid components- 
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(57) Abstract: A cyclonic fluid separator of the type comprising a tubular throat portion (4) in which a fluid mixture is accelerated 
to a subsonic or supersonic speed and thereby expanded and cooled down so that condensable components condense and/or solidify 
and then swirl into a diverging fluid outlet section (5) that comprises an aliter secondary outlet (6) for condensables enriched fluid 
components and an inner primary outlet (7) For condensables depleted fluid components comprises swirl imparting vanes (2) that 
protrude tram a central body (1) that extends through at least part of an inlet section of the separator, wherein the central body (1) 
has, at a location upstream of the throat portion (4), a larger aliter width (2Ro max) than the smallest inner width (2R^n min?) of the 
throat portion (4). 
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